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Nancy L. Pedersen j, Claes-Göran Östenson k, Laura Fratiglioni l, Mette Sørensen a,
Kirsten T. Eriksen a, Anne Tjønneland a, Petra H. Peeters m,n, Bas Bueno-de-Mesquita n,o,p,
Roel Vermeulen n,q,r, Marloes Eeftens q,s,t, Michelle Plusquin n, Timothy J. Key u, Andrea Jaensch d,
Gabriele Nagel d,v, Hans Concin v, Meng Wang w, Ming-Yi Tsai s,t,w, Sara Grioni x,
Alessandro Marcon y, Vittorio Krogh x, Fulvio Ricceri e,z, Carlotta Sacerdote e, Andrea Ranzi aa,
Giulia Cesaroni c, Francesco Forastiere c, Ibon Tamayo bb,cc,dd, Pilar Amiano ee,ff,
Miren Dorronsoro ee,ff, Leslie T. Stayner gg, Manolis Kogevinas bb,cc, Mark J. Nieuwenhuijsen bb,cc,
Ranjeet Sokhi hh, Kees de Hoogh s,t, Rob Beelen q,ii, Paolo Vineis n,jj, Bert Brunekreef q,r,
Gerard Hoek q, Ole Raaschou-Nielsen a,kk

a The Danish Cancer Society Research Center, Copenhagen, Denmark; b Centre for Epidemiology and Screening, Department of Public Health, University of

Copenhagen, Copenhagen, Denmark; c Department of Epidemiology, Lazio Regional Health Service, Rome, Italy; d Institute of Environmental Medicine,

Karolinska Institute, Stockholm, Sweden; e Institute of Epidemiology and Medical Biometry, Ulm University, Ulm, Germany; f Unit of Cancer Epidemiology,
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1. Introduction

Urinary bladder cancer (BC) is the ninth most common

cancer worldwide [1]. Smoking is the primary risk factor for

BC, with relative risks of three for current smokers and two

for former smokers compared to individuals who never

smoked [2]. Findings from the most recent studies suggest

that the relative risk for current smokers has increased to

four or five times the risk for nonsmokers [3]. The relative

risk for BC increases with smoking duration and intensity

[4]. BC occurs mainly in older people, is more frequent in

men, and exhibits large geographical variation [5].

Ambient air pollution includes a mix of carcinogens such

as polycyclic aromatic hydrocarbons (PAHs), volatile

organic compounds, transition metals, and diesel engine

exhaust [6,7]. Ambient air pollution and particulate matter

(PM) in ambient air have recently been classified as

carcinogenic to humans [6]. This classification was largely

based on higher risk of lung cancer [8–10]. However, there is

suggestive evidence of an association between ambient air

pollution and BC in humans [6,10].

Higher BC risk has been reported in some studies on taxi,

bus, and/or truck drivers exposed to high levels of urban air

pollution [6], including PAHs [11] and diesel engine exhaust

[7], but no risk elevation was found for miners with

high diesel exposure [12]. Some of these studies were

incidence-based, while others were based on mortality,

which may also have contributed to the heterogeneity

observed for results. A few studies have investigated a

possible association between exposure to ambient air

pollution and BC in the general population, and provided

mixed results [13–17]. Limitations related to design, poor

exposure assessment, and lack of information on potential

confounding complicate interpretation of these previous

studies.

Our aim was to examine the associations between

exposure to ambient air pollution at the place of residence

and BC incidence in a large European study population with

fine-scale exposure assessment and extensive control for

potential confounders such as smoking. We used the same

study population, exposure assessment, and data analysis

methods as in our previous study documenting significant

associations between air pollution and lung cancer [9]

2. Materials and methods

2.1. Study population

The European Study of Cohorts for Air Pollution Effects (ESCAPE) project

included 36 European areas where air pollution measurements were

performed, exposure models were developed, and cohort studies located

[9,18]. The present study included 15 population-based prospective
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Abstract

Background: Ambient air pollution contains low concentrations of carcinogens impli-
cated in the etiology of urinary bladder cancer (BC). Little is known about whether
exposure to air pollution influences BC in the general population.
Objective: To evaluate the association between long-term exposure to ambient air
pollution and BC incidence.
Design, setting, and participants: We obtained data from 15 population-based cohorts
enrolled between 1985 and 2005 in eight European countries (N = 303 431; mean
follow-up 14.1 yr). We estimated exposure to nitrogen oxides (NO2 and NOx), particulate
matter (PM) with diameter <10 mm (PM10), <2.5 mm (PM2.5), between 2.5 and 10 mm
(PM2.5–10), PM2.5 absorbance (soot), elemental constituents of PM, organic carbon, and
traffic density at baseline home addresses using standardized land-use regression
models from the European Study of Cohorts for Air Pollution Effects project.
Outcome measurements and statistical analysis: We used Cox proportional-hazards
models with adjustment for potential confounders for cohort-specific analyses and
meta-analyses to estimate summary hazard ratios (HRs) for BC incidence.
Results and limitations: During follow-up, 943 incident BC cases were diagnosed. In the
meta-analysis, none of the exposures were associated with BC risk. The summary HRs
associated with a 10-mg/m3 increase in NO2 and 5-mg/m3 increase in PM2.5 were 0.98
(95% confidence interval [CI] 0.89–1.08) and 0.86 (95% CI 0.63–1.18), respectively.
Limitations include the lack of information about lifetime exposure.
Conclusions: There was no evidence of an association between exposure to outdoor air
pollution levels at place of residence and risk of BC.
Patient summary: We assessed the link between outdoor air pollution at place of
residence and bladder cancer using the largest study population to date and extensive
assessment of exposure and comprehensive data on personal risk factors such as
smoking. We found no association between the levels of outdoor air pollution at place
of residence and bladder cancer risk.
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